Genetic relationships among 132 strains of Vibrio vulnificus (clinical, environmental, and diseased-eel isolates from different geographic origins, as well as seawater and shellfish isolates from the western Mediterranean coast, including reference strains) were analyzed by random amplified polymorphic DNA (RAPD) PCR. Results were validated by ribotyping. For ribotyping, DNAs were digested with KpnI and hybridized with an oligonucleotide probe complementary to a highly conserved sequence in the 23S rRNA gene. Random amplification of DNA was performed with M13 and T3 universal primers. The comparison between ribotyping and RAPD PCR revealed an overall agreement regarding the high level of homogeneity of diseased-eel isolates in contrast to the genetic heterogeneity of Mediterranean isolates. The latter suggests the existence of autochthonous clones present in Mediterranean coastal waters. Both techniques have revealed a genetic proximity among Spanish fish farm isolates and a close relationship between four Spanish eel farm isolates and some Mediterranean isolates. Whereas the differentiation within diseased-eel isolates was only possible by ribotyping, RAPD PCR was able to differentiate phenotypically atypical isolates of V. vulnificus. On the basis of our results, RAPD PCR is proposed as a better technique than ribotyping for rapid typing in the routine analysis of new V. vulnificus isolates.
Vibrio vulnificus is an autochthonous marine and estuarine bacterium which is able to colonize surfaces and internal organs of invertebrate and vertebrate marine animals (21) . It may cause a rapid, invasive, and highly lethal disease associated with oyster consumption (17, 18) , especially in individuals who have a preexisting chronic illness or who are immunocompromised, and may cause fatal wound infections through exposure to seawater even in people without preexisting disease (13, 22) . Its isolation and its role in human infections were first reported in the United States, Japan, and Taiwan (17, 20, 32) , but since 1992 reports from other geographical areas including Australia, Brazil, and Europe are increasing (4, 10, 15, 22, 25, 31, 40, 41) . Infection occurs either after consumption of contaminated seafood, mainly oysters, or through wounds exposed to seawater (13, 22) . V. vulnificus, being a human pathogen, includes some strains, originally defined by Tison et al. (39) as biotype 2, that constitute a serologically homogeneous group recently defined as serovar E by Biosca et al. (9) and that are responsible for severe epizootics in eel farms (3, 7) . The strains pathogenic to humans are serologically and genetically diverse and have been isolated from seawater and shellfish, whereas serovar E strains have been isolated only from diseased eels or from people who handle eels (3, 40) .
Epidemiological reports have revealed that, in most cases, the incidence of infections by V. vulnificus is related to the consumption of raw oysters (17, 18, 27) . In Spain, clinical reports of infections caused by V. vulnificus are very scarce (16, 31) , in accordance with the low incidence of this species in the Mediterranean Sea (4, 5) . Temperature and salinity have proven to be the two most relevant physicochemical parameters correlated with the distribution of this species (23, 32) . In the Mediterranean, summer temperatures are always above 20°C, clearly favorable for this species. Winter temperatures are never below 10°C, and therefore the presence of viable but nonculturable cells in response to low temperatures is not expected. In contrast, salinity values (around 35‰) are much above the optimal values described for this species (23) . Until very recently, the only V. vulnificus isolates at the Spanish Mediterranean coast corresponded to serovar E strains recovered from diseased eels at an eel farm with an intensive culture system placed close to the sea, although not directly connected to it, and to a few non-serovar E strains recovered from healthy eels or tank water at the same farm (3, 7, 8) . This farm presently uses recirculated freshwater, but at the time of the first outbreaks (1989 to 1990) it used well water of 1.7‰ salinity. In a very recent study, and after a specific search for this species at several sea sites, a search combining culture methods for isolation and identification by PCR using specific primers (4), we were able to recover non-serovar E strains from seawater and shellfish for the first time in our coastal waters.
The Mediterranean isolates together with fish farm, clinical, and environmental isolates from different geographic origins (132 strains) were subjected to ribotyping and randomly amplified polymorphic DNA (RAPD) PCR. Both techniques have been widely used for the typing of bacteria in epidemiological and ecological studies, and their advantages and disadvantages are well known. Ribotyping offers highly reproducible patterns and has already been used for intraspecific differentiation of V. vulnificus from different origins (2, 6, 9, 19, 38) . We have used this technique successfully in a previous study of the fish farm isolates, together with strains from other origins (2) . RAPD PCR is less laborious and time-consuming than other DNA-based techniques and seems to be the fastest genetic typing method that could be employed for a rapid identification, although it is less reproducible among different laboratories. It has also been widely used as a typing technique for both gram-positive and gram-negative bacteria (11, 26, 27, 30) , and more specifically to differentiate pathogenic Vibrio species, including V. vulnificus (6, 19, 42) .
In the present study we have used both techniques on all our serovar E and non-serovar E isolates in order to (i) analyze the genetic diversity of the Mediterranean isolates by ribotyping and RAPD PCR, by comparing the obtained profiles with the ones shown by V. vulnificus strains from different origins, (ii) determine the genetic proximity of the V. vulnificus strains isolated at the Spanish fish farm, including serovar E and non-serovar E strains, over several years, and (iii) evaluate the usefulness of RAPD as a typing technique for our isolates, by comparing the results with the ones obtained by ribotyping.
MATERIALS AND METHODS
Bacterial strains and growth conditions. A total of 132 strains of V. vulnificus, including diseased-eel, clinical, and environmental isolates from different origins, were used in this study. These and their sources, when known, are listed in Table  1 . Strains were grown in nutrient agar (Oxoid), supplemented with 0.5% NaCl (wt/vol). Clinical strains were incubated at 37°C, and environmental isolates were incubated at 25°C.
DNA isolation. Chromosomal DNA was extracted by the guanidinium thiocyanate method of Pitcher et al. (34) and further purified by RNase and proteinase K treatments (only for ribotyping) as described by Sambrook et al. (35) .
Ribotyping. Ribotypes were obtained as described in a preliminary study by Aznar et al. (6) , where different enzymes and probes were tested to determine the combination of KpnI digests and 23S rRNA directed probe (1038) yielding the best band discrimination. In accordance with the methods of Aznar et al. (6) , 5 g of chromosomal DNA was digested with endonuclease KpnI (GIBCO BRL) as recommended by the manufacturer and the DNA restriction fragments were separated by electrophoresis in 0.8% (wt/vol) agarose gels with TAE (Trisacetate-EDTA) buffer. DNA was transferred to a noncharged nylon membrane (Qiabrane; Qiagen) under vacuum (Vacu-AID System; Hybaid). After transfer, DNA was hybridized with the 18-mer universal 1038 probe, complementary to a highly conserved region of eubacterial 23S rRNA genes that were digoxigenin labeled. Hybrid detection was performed by chemiluminescence (DIG Luminescent Detection Kit; Boehringer Mannheim). The hybridization temperature was 48°C. Band patterns displayed on X-OMAT 5 (Kodak) films were recorded with a video camera (Gel Station; Technologia para Diagnóstico e Investigación, Madrid, Spain) and stored as TIFF files.
RAPD PCR. A new database, based on the RAPD PCR fingerprintings of the 131 strains included in this study, was created. Universal primers M13 (5ЈGAA ACAGCTATGACCATG3Ј) and T3 (5ЈATTAACCCTCACTAAAGG3Ј) used in this study, as well as the PCR conditions, were described previously by Aznar et al. (6) . PCR was conducted in a total volume of 50 l containing 5 M universal primer, 0.03 U of Taq polymerase (SuperTherm), 5 l of Taq reaction buffer, 10 l of 25 mM MgCl 2 , a 0.2 mM concentration of each deoxynucleoside triphosphate, and 100 ng of template DNA. Reaction mixtures were overlaid with 30 l of mineral oil (Sigma, St. Louis, Mo.) and subjected to one cycle (OMNIGENE, St. Louis, Mo.) of 94°C for 5 min, 40°C for 5 min, and 72°C for 5 min. This was followed by 33 cycles of 94°C for 20 s, 48°C for 30 s, and 72°C for 45 s. The amplification products were electrophoresed on a 1.6% agarose gel, stained with ethidium bromide, and photographed under UV light. Gel images were recorded with a video camera (Gel Station; TDI) and stored as TIFF files.
Banding pattern analysis. Digitized images were converted, normalized, analyzed, and combined with the software package Gel Compar, version 4.0 (Applied Maths, Kortrijk, Belgium). In order to normalize the banding patterns, molecular weight markers were included every four to six tracks. The levels of similarity between pairs of traces were computed by using the Pearson productmoment correlation coefficient for RAPD PCR and the Dice similarity coefficient (S D ) for ribotyping (37) . Data were clustered by using the unweighted pair group method by arithmetic averaging (UPGMA) algorithm (37) .
RESULTS

Ribotyping.
A total of 132 V. vulnificus strains, including 80 isolates previously analyzed (2), 47 Mediterranean non-serovar-E isolates (4), and 5 new isolates recovered at the Spanish eel farm during a recent outbreak, were analyzed in the present work. For the eel farm isolates, one (A1) was recovered from a diseased eel and belonged to serovar E and four (P3 to P6) were non-serovar E isolates. In all, 34 ribotypes were distinguished among the strains analyzed. They have been designated RT 1 to RT 34 ( Table 1 ). The Mediterranean isolates exhibited 14 ribotypes different from the ones already recorded in our database (2) . The new isolates from the fish farm displayed two different ribotypes: RT 33, shown by strain A1, which corresponded to an already-described serovar E ribotype, and RT 10 (shared by the rest of strains), which was not previously recorded. Figure 1 shows the dendrogram obtained with the 34 different profiles, after the UPGMA clustering. Despite the high level of diversity observed, the inclusion of new ribotypes in the cluster analysis did not perturb the previous groupings (2). Indeed, RT 32 to RT 34 comprised all serovar E strains, irrespective of geographic origin or outbreak. None of the 19 seawater or 28 bivalve isolates belonged either to serovar E or to RT 32 to RT 34. Non-serovar E strains isolated at the Spanish eel farm between 1990 and 1997 exhibited RT 6 to RT 10. RT 10, which was displayed by strains isolated in 1997, clustered with RT 7 and RT 9 (isolated in 1990) at 82% similarity. Eight seawater isolates from a place close to the fish farm, recovered in three different samplings over one year, showed a new ribotype (RT 18), which clustered with that of four eel farm isolates (RT 8). The shellfish isolates showed five new ribotypes, RT 20, RT 26, and RT 29 to RT 31, and 22 strains shared the same ribotype (RT 20), which was the closest neighbor to serovar E ribotypes. The rest of new ribotypes were quite diverse as demonstrated by the low levels of similarity among them and could not be related to geographical origins or sources.
RAPD PCR. RAPD PCR with primers M13 and T3 rendered reproducible profiles consisting of 7 to 14 bands ranging from 162 to 3,800 bp. Results obtained with both primers allowed the differentiation of the isolates at the intraspecific level. Figure 2 shows the 13 clusters defined at the 77% similarity level by RAPD patterns obtained with primer M13 and the 10 strains which remained ungrouped. Cluster 1 includes mainly Spanish eel farm and shellfish isolates and a U.S. clinical isolate (strain UMH1). Cluster 3 includes all serovar E isolates, with the exception of strains 171 and VIB 523 (both positive for indole production), which grouped apart. Cluster 4 includes Belgium eel isolates together with the type strain (ATCC 27562). Cluster 5 includes clinical and shellfish strains. Clusters 6 and 7 include Spanish seawater and eel farm isolates. Clusters 8 and 9 include eel and shellfish isolates from different origins. Cluster 10 includes Spanish shellfish and seawater isolates. Clusters 11, 12, and 13 include Spanish seawater isolates which exhibited atypical responses for some phenotypic traits.
A cluster analysis of RAPD profiles obtained with primer T3 yielded 12 clusters at the 85% similarity level, and seven strains remained ungrouped. As with primer M13, all serovar E isolates except strains 171 and VIB 523 grouped together (cluster 8). The rest of the clusters included clinical and environmental isolates, and the phenotypically atypical strains formed several small clusters (Table 1) .
Comparison of ribotyping and RAPD PCR results. The comparison of the two fingerprinting techniques was performed by determining the location of all the strains with the same ribotype in the RAPD PCR dendrogram. For serovar E, a genetically homogeneous group, results with both techniques were in agreement. Ribotyping produced three very closely related profiles (RT 32 to RT 34), which were included in clearly defined clusters by RAPD analysis (cluster 3 with primer M13 or cluster 8 with primer T3). The only two serovar E strains that were not included in any of the two clusters corresponded to atypical biogroup 2 isolates, according to the criteria of Tison et al. (39) , now serovar E according to Biosca et al. (9) . These isolates shared the main serovar E ribotype (RT 32) but clustered quite far from the rest of the serovar E isolates with both primers by RAPD PCR. Isolates from healthy eels or tank water at the Spanish eel farm that showed closely related ribotypes (RT 7, RT 9, and RT 10) belonged to the same cluster (cluster 1), as determined with primer M13, or to closely related ones (clusters 1 to 4), as determined with T3. RT 8, exhibited by four isolates from healthy eels at the Spanish eel farm (strains D10, M76, E109, and E110), clustered with RT 18 (main ribotype exhibited by Spanish seawater isolates) (Table 1) ; by RAPD PCR with primer M13 these strains were included in cluster 6 together with Spanish seawater isolates belonging to RT 18. When primer T3 was used, these strains were placed in cluster 7 together with strains from other origins, including the same Spanish seawater isolates (Table 1) . Shellfish strains showing RT 20, which clustered close to serovar E and non-serovar E Spanish eel farm ribotypes (Fig. 1) , were also determined to be related to these strains by RAPD PCR. In general, the correspondence between results obtained by ribotyping and RAPD analysis was better when primer M13 was employed to generate the profiles.
DISCUSSION
In recent years several studies have been performed in order to analyze the intraspecific diversity of V. vulnificus. This characterization has been carried out by different techniques including molecular typing methods such as lipopolysaccharide typing, total protein profiles (sodium dodecyl sulfate-polyacrylamide gel electrophoresis), and nucleic acid-based methods: DNA sequencing, plasmid profiling, ribotyping, pulsedfield gel electrophoresis, RAPD PCR, and amplified-fragment length polymorphisms (AFLP). Several serotypes could be differentiated based on lipopolysaccharide or capsular antigens (9, 28, 36) , although many isolates remained untypeable. Total protein profiles revealed a high level of homogeneity within the species. This is not useful for intraspecific differentiation (3). Plasmid profiles appeared to be good markers for serovar E isolates (8), but their value for the rest of the species is limited (14) . Isolates related by common geographic origin or by serotype could be grouped by ribotyping (2, 9, 38) or RAPD profiles (6) . Pulsed-field gel electrophoresis and AFLP allowed a finer differentiation of isolates from the same origin, revealing a high level of intraspecific diversity (2, 12) . Recently, some of these typing techniques have been combined in order to obtain a better picture of the species diversity (3, 19, 38) , although different protocols employed for the same technique by different authors have led to different results (6, 19) .
In this work we have searched for the genetic relationships among clinical, environmental, and diseased-eel isolates of V. vulnificus, including a high number of strains from an eel farm that has suffered several infections by this bacterium and seawater strains from the Spanish Mediterranean coast. We had previously used ribotyping for 80 V. vulnificus strains (2) and RAPD analysis for 21 V. vulnificus strains and 5 strains of other Vibrio species (6). Both were found to be good techniques for intraspecific differentiation, with RAPD analysis being more rapid and simpler to perform. The 52 new isolates yielded 15 new ribotypes in addition to the 19 already obtained in our previous study (2) . Most of the new isolates used in the present work represent the first seawater and shellfish isolates of V. vulnificus recovered so far on the west coast of the Mediterranean (4). The rest (five strains) are recent isolates from the same eel farm where the Spanish diseased-eel isolates analyzed were recovered (2) .
Among the new eel farm isolates, strain A1 was recovered from a diseased eel during an outbreak that occurred in July 1997 and was assigned to serovar E by slide agglutination (unpublished data). It displays RT 33, which was previously assigned to two non-Spanish isolates and which is one of the ribotypes displayed by serovar E isolates. All strains isolated from diseased eels during epizootics that occurred from 1989 to 1994 in the Spanish eel farm shared RT 32. This ribotype is also exhibited by three of four Japanese reference strains (ATCC 33149, NCIMB 2136, and NCIMB 2137), originally isolated from diseased eels, and by diseased-eel isolates from other European countries as well. The fact that the strain isolated during the last outbreak at the Spanish farm exhibits the same ribotype as the fourth Japanese reference strain (NCIMB 2138) could be explained by the existence of a few original clones that have become widely distributed and that are responsible for outbreaks in several countries. This finding, together with the lack of reports on the isolation of serovar E strains from seawater samples, even in the vicinity of the fish farm that has suffered several outbreaks caused by this serovar, supports the hypothesis of animal-to-animal transmission (eel to eel or eel to man) and casts doubts on the hypothesis of water transmission of the disease, a hypothesis based only on a laboratory study (1) . The existence of one serovar E strain isolated from human blood would support the animal-to-animal transmission hypothesis, since human infections related to the handling of eels have been reported (13, 40, 41) .
In addition to strain A1, some non-serovar E strains (P3 to P6) were isolated from tank water during the last outbreak at the Spanish fish farm. All of them shared RT 10, which is very similar to other eel farm ribotypes (RT 7 and RT 9) described for strains isolated 7 years ago, revealing the close relationship among fish farm isolates. As expected, diversity among seawater isolates was higher and the ribotypes obtained did not cluster, but eight strains isolated in three different samplings over a year showed the same ribotype (RT 18). Interestingly, they were recovered from a sampling site located at the seaside close to the fish farm and clustered at 90% similarity with an eel farm ribotype (RT 8). The diversity in ribotypes found in the seawater isolates suggests the existence of autochthonous clones of V. vulnificus present on the west coast of the Mediterranean.
A V. vulnificus RAPD profile database has been created with the 131 strains, and the results of this technique have been compared with the ones obtained by ribotyping. In all, a good correspondence between the two typing techniques was observed. Of the two primers used, M13 allowed a more accurate definition of clusters and a better correspondence with the results obtained by ribotyping. Both primers differentiated serovar E strains as a tight group, clearly separated from the rest of strains. Furthermore, with both primers the serovar E strain recovered from the last outbreak (A1) clustered with the rest of the strains of serovar E isolated several years before with a very high level of similarity, in accordance with the results obtained by ribotyping. Nevertheless, its differentiation from the rest of the strains of serovar E was only possible through ribotyping. The close relationship between some eel farm isolates (displaying RT 8) and seawater isolates obtained at the sampling site located nearest to the fish farm (displaying RT 18) was identified as well. The genetic proximity among the Spanish fish farm isolates, irrespective of the source (eel or tank water), detected by ribotyping analysis was also detected by RAPD PCR with both primers. Phenotypically atypical strains clustered separately on the basis of RAPD analysis, whereas they were not differentiated by ribotyping. In this sense, it is noteworthy that the two atypical (indole-positive) serovar E strains (171 and VIB 523) did not cluster with the rest of strains belonging to this serovar when RAPD PCR was used, whereas they displayed the main ribotype (RT 32). This result is in accordance with the ones obtained by AFLP fingerprinting in a previous work (2) and reveals the usefulness of RAPD analysis for intraspecific differentiation of V. vulnificus, as found in other studies (6, 42) . Nevertheless, other authors did not find a good correspondence between the two techniques: RAPD PCR was found to be less discriminatory (19) . In any case, reports on comparisons among techniques have to be taken with caution, and only when exactly the same protocols are employed are results comparable. The existence of large databases for the different techniques that allow the comparison of new isolates is also highly desirable.
The results obtained in this study have demonstrated that both ribotyping and RAPD PCR are good typing techniques for V. vulnificus at the intraspecific level; they have allowed us to differentiate among V. vulnificus strains from different types of samples and geographic origins. They have revealed a high level of genomic diversity among seawater isolates from the western Mediterranean coast; these isolates seem to constitute an autochthonous population, some members of which are closely related to environmental strains recovered from a fish farm in the same area. By contrast, the high level of homogeneity among diseased-eel isolates, irrespective of geographic origin, was confirmed by both techniques. In a previous work we had reported the usefulness of ribotyping for intraspecific differentiation of V. vulnificus biotypes, which has allowed in this study the differentiation of ribotypes for diseased-eel isolates from the same eel farm. The RAPD PCR technique has been compared with and validated by ribotyping; it yielded similar overall results and was especially useful for the differentiation of phenotypically atypical strains. On the basis of our experience, and taking into account the results of previous studies, we propose the use of RAPD PCR for rapid typing in the routine analysis of new isolates of V. vulnificus and ribotyping or AFLP for a finer discrimination within diseased-eel isolates.
